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TINSMITH ING. 


An important part of the technical education of those con¬ 
nected with tinsmiths’work is a knowledge of layiim out patterns. 
When making the various forms of tinware. or, as they are com¬ 
monly called, housefnrnishing goods, the greatest care must he 
taken in developing the patterns, for if a mistake of hut one point 
is made, the pattern will he useless. There are general geometri¬ 
cal principles which are applied to this work which, when thor¬ 
oughly understood, make that part plain and simple, which would 
otherwise appear intricate. These principles enable the student 
to lay out different patterns for various pieces of tinware when* 
the methods of construction are similar. 




Construction. Before laying out the pattern for any piece of 
tinware, the method of construction should be known. Knowing 
this, the first thought should be: Can the pattern he developed and 
cut from one piece of metal to advantage, as shown in Fig. 1, or 
will it cut to waste, as shown in Fig. 2 ? AVill the articles have 
soldered, grooved or riveted seams, as shown respectively by A, B 
and C, in Fig. 3 ? Also, will the edges Ik wired or have hem edges 
at the top, as shown respectively by A and B, in Fig. 4 ’( Some¬ 
times the pattern can be laid out in such a way that the article 
may be made up of two or more pieces, so that the patterns may 
he laid in one another, as shown in Fig. 5, thereby saving material. 
This is a plan that should always be followed if possible. 

When the patterns are developed, tin plate should be obtained 
of such size as to have as little waste as possible. 

By means of the table on pages 45-47 tin plate maybe ordered 
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which will cut to :nl vnntiiov, for there is nothing worse in a tin - 

r" r~' 

shop tlian to see a lot of waste plate umler the benches, whereas a 
little foresight in ordering stock would have saved material. 

r' r*> 

Capacity of Vessels. Sometimes the tinsmith is required to 
make a ])ieee of tinware which will hold a given quantity of liquid. 
The methods of find ins; the dimensions are given in Arithmetic 

n r'' 

and Mensuration, w hich subjects should be reviewed before begin¬ 
ning this work. 

Shop Tools. The most important hand tools required by the 
tinsmith are: hammer, shears, mallet, scratch awl, dividers and 
soldering coppers. The other tinsmith tools and machines will be 
explained as we proceed. 


A 



Fig. 3. Fig. 4. Fig. 5. 

Various Methods of Obtaining Patterns. The pattern draft¬ 
ing for tliis course is divided into two classes: 

1. Patterns which are developed by means of parallel lines. 

U. Patterns which are developed by means of radial lines. 

The principles which follow art 1 fundamental in the art of 
pattern cutting* and their application is universal in tinsmiths' work. 

INTERSECTIONS AND DEVELOPMENTS. 

The laying* out of patterns in tinsmiths' work belongs to that 
department of descriptive geometry, known as development of sur¬ 
faces, which means the laying out Hat of the surfaces of the solids, 
the Hat surfaces in this ease being the tinplate*. In Fig. U is shown 
om* of tin* most simple forms to he developed l>v parallel lines, 
that of an octagonal prism. This problem explains certain lixed 
rules to be observed in the development of all parallel forms, 
which are as follows: 

1. There must he a iLnithni or other view of the 

article to be made, showing the line of joint or intersection, and 
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in line with which must lu* drawn a section or profile of tin 1 article. 
Tims, A IK T) si lows tin* view of the article, AL the line of joint 
or intersection, and K the profile or section of the article. 

The /*/ , op!( or section (if curved) must he divided into 
equal spaces (tin 1 more spaces employed the inure accurate will he 
the pattern ), from which lines are draw n parallel to the lines of 
the article intersecting the 1 im> of joint or intersection. Thus 
from the corners nnmhered 1 to S in the protile E, lines aredrawn 



parallel to the line of the article, intersecting the lim i of joint Ah 
from 1" to S". In Tier. 7, where the section A is curved, this is 
divided into equal spaces. 

d. A stretchout line (showing the amount of material the 
article will require) is next drawn at right angles to the line of the 
article, upon which is placed each space contained in the section 
or profile. Thus JF, in Fig. 0, is the stretchout line, which con¬ 
tains the true amount required to enclose the profile E. 

4. At rioht anodes to the stretchout line, and from the inter- 
sections thereon, draw lines called the m< t/stf n mj hm*. Thus, 
from the intersections V to S' on <1 F linos an 1 drawn at right angles 
to the stretchout line d F. which art 1 called measuring 1 inos. 

d. From the intersections on the line of joint draw lines in¬ 
tersecting similarly numbered measuring lines, which will result 
in the pattern shape. Thus lines drawn from the intersections on 
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the line A L at right angles to BC intersect similarly numbered 
measuring lines as shown. Then JIIIF will he the development 
for an octagonal prism intersected by the line AE in elevation. 

This simple problem shows the fundamental principles in all 
parallel-line developments. What we have just done is similar to 
taking the prism and rolling it out on a Hat surface. Let the 
student imagine the prism before him with the corners blackened 



and starting with corner 1 turn the prism on a sheet of white 
paper until the point 1 is again reached, when the result will cor¬ 
respond to the development shown. Bearing these simple rules 
in mind, the student should have no ditlicultv in lavino out or 

t e r* 

developing the forms which will follow. 

Fig. 7 shows the development of a cylinder, and also shows 
the principles which are applied in spacing circular sections or pro¬ 
tiles. as explained for parallel developments. -V shows the profile 
or section. B the elevation, and C D the stretchout line or the 
amount of material required to go around the circle. By drawing 
the measuring lines C’F and DE and connecting them by the line 
FE. we obtain CDEF. which is the development of the cylinder. 

Fig. s shows how to obtain the development of the surfaces 
of an intersected hexagonal prism, the angle of intersection being 
4o . First draw the elevation A BCD and the section E in its 
proper position below. Number the corners in the section 1. d and 
d, as shown, from which erect perpendicular lines intersecting the 
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plane AB. as shewn bv 1 . 2 and 8 . Bisect the line* 1 1 and 

8—8 in plan obtaining the points F and II respectively, and draw 
the line F1I. This line will be used to obtain dimensions with 
which to construct the developed surface on the plane A B. At 
rhdit amdes to AB and from the intersections 1 . 2 and 8 draw 
lines as shown. Parallel to AB draw the line F v II V . Now. 
measuring in each instance from the line TT L in F. take the «1 i - - 
tances to 1. 2 and 8. and place them on similarly numbered lines 
drawn from the plane AB. measuring in each instance from the 



line F V II V on either side, thus obtaining the point* F. 2' and 8'. 
(onnect these points by lines as shown: then J will be the true 
development or section on AB. 

For the development of the prism, draw the stretchout line 
KI at right angles to AD. upon which place the stretchout of the 
section E. as shown bv similar numbered intersections on KI. 
From these intersections, at right angles to KI. draw the measur¬ 
ing lines shown, which intersect with lines drawn from similar 
numbered intersections on the plan AB. at right angles to B( . 
Through the intersections thus obtained, draw the line" from L to 
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M. Tlu*n KLMI will he the- jiattern or development of the inter- 
sected prism. 

Fig. 0 shows the development of an intersected cylinder. A 
is tie* elevation and 13 the profile or plan. As each half of the 
development will he symmetrical, divide the profile II into a num¬ 
ber of equal parts, numbering each half from 1 to 5, as shown. 
From these points perpendicular lines are erected, intersecting the 
plane l v - o v at l v , 2 V , 3 V , 4 V and 5 V . A stretchout is now made 
of the profile 13 and placed on the horizontal stretchout line Cl), 
the points being shown by ;Y, 4', 2', F, 2", H", 4" and 5". From 



these points measuring lines are erected and intersected by similar 
numbered lines drawn from the plane l v — 5 v at right angles to the 
line of the cylinder. A line traced through points thus obtained 
will be the development of the intersected cylinder. In this case 
the butting edge or joint line of the cylinder is on its shortest side. 
If the buttino edoe were desired on its longest side, it would be 
necessary to change only the figures on the stretchout line Cl), 
makino 1' start at -V and end at 5". 

Where two prisms intersect each other, as shown in Fig. 10, 
it is necessary to find the points of intersection before the surfaces 
can bt* developed. Thus we have two unequal quadrangular 
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prisms intersecting diagonally at right uncles to each other. AVe 
first draw the section of tlie horizontal prisms as shown hy I» in 
tlie end yiew, from which the side yiew A is projected as sliown. 
From the corner T in the section B erect the perpendicular line 
T( \ and above in its proper position draw the section 1) of the 
vertical prism, and number tin* corners 1, 2, 2 and 4. From the 
corners 1 and d drop vortical lines intersecting the profile B at 1 
an<l d', T representing the points 2' and T obtained from 2 and 4 
in D. From the points 1' and d' in I>, draw a horizontal line 
through the side view, and locate the center of the vertical prism 
as d", from which erect the perpendicular line d"— 1. Now take 
a duplicate of the section 1) and place it as shown hy F, allowing 
it to make a quarter turn (00 ); in other words, if we view the 
vertical prism from the end view, the point 1 in section D faces 
the left, while if we stood on the right side of the end view the 
point 1 would point ahead in the direction of the arrow. The side 
view therefore represents a view standing to the right of the end 
view, and therefore the section F makes a (piarter turn, bringing 
the corner 1 toward the top. From points 2 and 4 in section F 
drop vertical lines intersecting the line drawn from the corner 
2' — 4' in B, thus obtaining the intersections 2" — 4" in the side 
view. Draw a line from 4" to d" to 2", which represents the 
intersection between the two prisms. 

To develop the vertical prism, draw the horizontal stretchout 
line III, and upon it place the stretchout of the profile I) as shown 
by similar figures on III. Draw the measuring lines from the 
points 1, 2, d, 4, 1, at right angles to III, which intersects with 
lines drawn at right angles to the line of the vertical prism from 
intersections having similar numbers on B. A line traced through 
the points thus obtained, as shown by Ill LJ will be the develop¬ 
ment of the vertical prism. The development of the horizontal 
prism with the opening cut into it to admit the joining of the 
vertical prism is shown in Fig. 11, and is drawn as follows: Draw 
any vertical line O v P v , and on this line place the stretchout of 
the upper half of section B in Fig. 10, as shown by similar letters 
and figures in Fig. 1 L. From these points at right angles to 
O v P v draw lines equal in length to the side view in Fig. 10. Draw 
a line from V to T in Fig. 11. Now, measuring from the line PS 
in side view in Fig. 10, take the various distances to points of in- 
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te*rse*ctions 1". o", 1 anel A', si ml place them in Fie. 1 L on lin<*s 
having similar numbers, measuring from 11 it' lino O v I >v , thus re¬ 
sulting in tilt' intersections 1 , d . X and 4 . ( onnevting these 

points by lines as shown, then <)'TTB V will he the half develop¬ 
ment of the top of tli<‘ horizontal prism. Tin* bottom half will he 
similar without tin* onenino-. 

i 

Having described tin* prineiples relatino to poralhd forms, 
the next subject will be* tile* principles relating te> tapering forms. 
These forms include only the* solid figures that have* for a base the* 
circle, or any of the regular polygons. alse> figures of uneepud sides 
which can be inseribeel in a circle, the* line's elrawn freuu the* cor¬ 
ners of which terminate* in an apex, directly ove*r tin* cente*r of the 
base*. The* forms with which the tinsmith has to <h*al are* moro 
frequently frustums of these* lieu res. and the method use*(] in 
developing these surfaee*s is simply to dewlop tin* surface* of the* 
entire com* or pyramid, and then by simple* measurements cut off* 
part of tin* figure*, leaving tin* desired frustum. Thus in the wedl- 
known forms e>( the* dippi*r, ce>ffe*e* pe>t. cedande*r. straine*r, wash 
bowl. Imcket. funne*l. measure*, pan. etc., we* have the frustums of 
cones above refe*rre*d to. In speaking he*re* of metal plate* article's 
as portions of cone*s. it must he rememihered that all patte*nis are* 
of surface's, and as we* are dealing with tinplate, these patterns 
when formeel are* not se)liels. hut me*re*ly sln*lls. In weerks upe)ii 
Soliel Geometry the* right cone is detine*el as a solid with a circular 
base, venerated hy the revolution of a rioht-angle triangle abenit 
its ve*rtical siele called tlu* axis. 

Tliis is more clearly shown in Fig. 12. in which is shown a 
right corn*, which contains the* principles applicable to all frustums 
of pyramids and cones. ABG represents the elevation of the cone; 
the horizontal section on the* line BG being shown hy GDFF, 
which is spaced iute> a number of equal parts, as shown hy the 
small figure's l to 10. As the center or apex e>f the cone is diivctly 
ove*r the* ee*nter a of the circle, then the length e>f each e>f the lines 
drawn fremi the small figures 1 to 10 te> the centers will he e*epial 
both in plan and education. Therefore te> obtain the* enve*h)p<* or 
devedopinent, use* AB or AT as radius, and with A in Fig. Id as 
center, describe the* arc 1 V. From 1 elraw a bin* to A and start¬ 
ing from the point 1, set off on the arc 1 - Y the stretclmnt or mini. 
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1km* of spaces c'oiitainetl in the circle DFFG in Fig. 12, as shown 
by similar figures in Fig. 18. From 1'drawn line to A. Then 
A 17-1' will he tlie development of the right cone of Fig. 12. 

Suppose that a frustum of the rone is desired as shown by 
IIICF, Fig. 12; then the opening at the top will be equal to the 
small circle in plan, and the radius for the pattern will be equal to 
AI. Now using A in Fig. Idas a center with AI as radius, describe 
the arc 111, intersecting the lines 1A and Al'at II and 1 respective¬ 
ly. Then 11 - I F 7 1 will be the development for the frustum 

of tluveone. 

When a right cone is cut by a plane passed other than parallel 
to its base, the method of development is somewhat different. This 


A 



F 


Fig. 12. Fig. Id. 

is explained in connection with Fig. 14, in which A is the right 
cone, intersected by the plane represented by the line DF. 15 repre¬ 
sents the plan of the base of the cone, whose circumference is divided 
into equal spaces. As the intersection of both halves of the cone 
are symmetrical, it will be necessary to divide only half of plan B 
as shown by the small iignres 1 to 7. From these points, erect 
lines parallel to the axis of the cone, intersecting the base line 
of the cone. From these points draw lines to apex F, intersecting 
the line DF as shown. From tin* intersections thus obtained on the 
lint* DF and at right angles to the axis, draw lines as shown, inter¬ 
sect iim* the side of the cone FF. Now using F as center and FI I 
as a radius, describe the arc 7 7'. From 7 draw a line to F, and 
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starting from tin* point 7 set olV on tin* arc 7 V. tin 1 stretchout of 
tin* circle 1> as shown by tin 1 small figures 7 1 7'. From those 

points draw radial lint's to tin* center point F. and intersect them 
hy arcs struck from the center F. with radii equal to similarly num¬ 
bered intersections on the side Fll. and partly shown by points 
7 V - l v 7 . Tract 1 a line through the points of intersections thus 
obtained; then 7 — 7 v -7-7' will be the desired development. 


These same principles are applicable no matter at what angle 


the cone is intersected. For the 
section on the 1 line DE. see the 
explanation in Mechanical Draw¬ 
ing Part III. 

Fig. ir> shows the principles 
applicable to the developments of 
pyramids ha vino a base of any 
shape. In this cast 1 , we have a 
square pyramid, intersected by the 
line DE. First draw the elevation 
of the pyramid as shown by A HP 
and in its proper position the plan 
view as shown by 1,2, 2, 4. Draw 
the two diagonal lines 1 2 and 

2-4 intersecting each other at A'. 
The length of the line AC repre¬ 
sents the true length on A7% but 
is not the correct radius with 
which to strike the development. 

A true length must be ob¬ 
tained on the line A'4 as follows: 
At right angles to 3-4 from the 
center A' draw the line A'E' and 
using A' as center and A'4 as 



y 

Fijar. 14. 


radius, describe the arc 4E' intersecting A'E' at E'. From E' 
elect the perpendicular line E'l v intersecting the base line P>C ex¬ 
tended at l v . From l v draw a straight line to A, which will be 
the true length on A'4 and the radius with which to strike the de¬ 
velopment. (See also Part 111, Mechanical Drawing) Now with A 
as center and A-l v as radius, describe the arc 1 V -3 V -1 V . Starting 
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from 1" to 2", 2' to to I" and 1" to I". Then I" - l' _:jv_ fv 

1 — ■> will lie the (]ovolo|)inoiit ol tlio intersected square [>vl‘«l 111 i< 1. 

lo draw l)k in plan drop perpendiculars from I) and K in¬ 
tersect i no the diagonal linos in plan at h c and J <t. Connect lines 
as shown at </. h , c and </. To obtain the true section of tin* plain 
I tC, take the length ol I)h and place it, as shown in plan 
from // to through < draw tlio vortical line _/’/// w hich is inter¬ 
sected by horizontal linos ilrmvn from points n and </. Draw a 
line from L to /// and c to j which will he the desired section. 

Ihese problems just described should be thoroughly studied 
and practiced on paper, until every step is well understood. 

Practical Workshop Problems will now be considered, and the 
student who thoroughly understands the principles explained in the 
foregoing problems, will be able to develop the patterns with greater 
ease and in less time than is required by the student, who pays 
little attention to the principles, but simply proceeds to develop the 
patterns by blindly following directions. A thorough knowledge 
of the principles renders the student independent as far as pat¬ 
tern problems are concerned, as he can apply them to new work. 

Short Rules. 1 here are various short rules, w hich, while not 
geometrically accurate, are sufficiently so for all practical purposes 
and will be introduced as we proceed. In developing patterns for 
any given article, the problem should be gone over carefully, locating 
the joints or seams, so that it can be seen, we might say in our 
minus’ eye; by doing this a shorter rule may be employed, tlius 
saving time and expense. The student who pays attention to these 
smaller details will succeed as a pattern draftsman. 

Allowance for Seaming and Wiring. As we are dealing with 
tin plate only, we assume this to have no thickness, and therefore 
make no allowance for the shrinkage of the metal, when bending- 
in the machine folder or brake. 

The amount of the material to be added to the pattern for 
wiring will vary according to the thickness of the metal. A safe 
and practical plan is to use a small strip of thin metal about j inch 
w ide and curl this around the wire which is to be used as shown 
in big. lli. Ihis will give the true amount of material required, 
whether the wire is to be laid in by band or by means of the wiring 
machine, hirst bend off witli pi vers a sharp corner as shown at o. 
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place the wire in the corner and turn A snugly around the wire as 
show 11 at J>. The amount of A, or the allowance to he added to the 
height of the pattern is thus obtained. The vertical joint in tin¬ 
ware is usually a lock seam as shown in Fig. IT. Three times the 
width of the lock <t must he added to the pattern. In other words, 
the end h lias a single edge as <h while the other end c has a double 
edge as shown at a and e ; the two ends of the body joining at/'. 

In allowing these edges for the pattern, some workmen prefer 
to add a single edge on one side of the pattern, and a double edge 
on the other, while others prefer to allow one-half of the amount 
required on either side of the pattern. Where the bottom of any 
piece of tinware is to be joined to the body, it is generally double 



Fi¬ 


le. 



seamed as is shown in Fig. IN, where the two operations are clearly 
shown by A and 11 whether the seaming is done by hand or ma¬ 
chine, while the lock seam in Fig. 17, is done on the groover. 

Notching the Patterns. Another important point is the 
notching of the edges of the patterns for seaming and wiring; 
special attention should be given to this. The notches should be 
made in such a manner that when the article is rolled up and the 
wire encased or the seams grooved, the ends of the wire or seam 
allowance will lit snugly together and make a neat appearance. 
When an article is made and the notches have not been cut 
properly, the wire, or uneven lines, will show at the ends of the 
seam. Fig. lb shows how the allowance for wire or locks should 
Ik* cut. A shows the pattern to which an allowance has been 
made for wire at F> and for seaming to the bottom at 0. In this 
(*ase a single edge I) has been allowed at one end of the pattern 
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and a doulde edge of tin* other as shown nt E. Then, using (his 
method of allowance tor seaming, noteli tin 1 allowance for win 1 1> 
and seam 0 on a line drawn through tin 1 solid lines in tin 1 pattern 
as shown 1 >y *f<t and A/>. Tin 1 notches of tin 1 allowance I) and E 
should he cut at a small angle, as shown. 

Transferring Patterns. After the pattern has been de¬ 
veloped on manilla paper, which is generally used in the shop, it 
is placed on the tin plate and 
a few weights laid on top of 
the paper; then with a sharp 
scratch awl or prick punch and 
hammer, slight prick-punch 
marks are made, larger dots in¬ 
dicating a bond. The paper is 
then removed and lines scribed 
on the plate, using the scratch 
awl for marking the 1 straight lines, and a lead pencil for the 
curved lines. After laps are added as required, it is ready to be 
cut out with the shears. 

PRACTICAL PROBLEMS. 

In presenting the twelve problems which follow, particular 
attention has been given to those problems which arise in shop 

practice. These problems should 
be practiced on cheap manilla 
paper, scaling them to the most 
convenient size, and then prov¬ 
ing them by cutting the patterns 
from thin card board, and bend¬ 
ing or forming up the models. 
This will prove both instructive 
and interesting. 

Pail. The first piece of tin wan 1 for which the pattern will 
he developed is that known as the flaring bucket, or pail, shown 
in Fig. 20. First draw the center line AI>, Fig. 21, upon which 
place the height of the pail, as shown by (’I). On either side of 
the center line place the half diameters C’E of the top and D E of 
the bottom. Then EEEE will be the elevation of the pail. Ex¬ 
tend the lines EE until they meet the center line at E>, which will 
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be the center point with which to describe the pattern. Now. 
with (■ as center and CE as radius, describe the semi-circle CAE, 



radii equal to 1>F and HE, describe the arcs (ill and IJ. Draw a 
line from (i to lb Starting from the point (4 lay oil on the arc (411, 
the stretchout of the semi-circle EAE, as shown by similar figures 
on (411. From 11 draw a line to lb intersecting the arc IJ at J. 
Then CIIJ 1 will be the half pattern for the pail, to which laps must 
be added for seaming and wirino as shown by the dotted lines. 

r* 1 r*> « 
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pattern. Laps must he allowed for wiring and seaming. For the 
pattern for the spoilt nee C as a center, and with radii equal to 
and (F describe the arcs FM ’and (F(F. On V l V 2 lay otf twice 
the amount of spaces contained in the semi-circle I), and draw 
radial lines from F 1 and F J to Then F 1 F’( LCF will he the pat- 
tern for the spout. The dotted lines show the edges allowed. 

Hand Scoop. In Fig. 24- is shown a perspective view of a 
hand scoop, in the development of which the parallel and radial 
line developments are employed. Thus A and l> represent inter¬ 
sected cylinders, while (' represents an intersected right com 1 . 
The method of obtaining the patterns for tin* hand scoop is clearly 
shown in Fig. 2o; these principles are applicable to any form of 
hand scoop. 

First draw the 
side view of the scoop 
as shown, in line with 
which place the half 
section; divide this 
into a number of 
equal spaces as shown 
l»y tin* figures 1 to 7. 

From these points draw horizontal lines intersecting the curve 
of tin* scoop. In line with the back of the scoop draw the vertical 
line F 1 . upon which place the stretchout of twice the number 
of spaces contained in the half section, as shown by similar 
numbers on the stretchout line. From these points on tin* 
stretchout line draw horizontal lines, which intersect lines drawn 
from similarly numbered points on the curve of the scoop parallel 
to the stretchout line. Trace a line through points thus obtained, 
which will give the outline for the pattern for the scoop, to which 
edges must he allowed as shown by the dotted line. The pattern 
for the back of the scoop is simply a lint disc of the required 
diameter, to which edges for seaming are allowed. 

When drawing the handle, first locate the point at which the 
center line of the handle is to intersect the back of the scoop, as 
at 2 . Through this point, at its proper or required angle, draw 
the center line 2 2 X . Establish the length of the handle, and 
with any point on the center line as center, draw the section 
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as l»y L x , 2 X d x , and L )x , and divide the circumference into 

equal spaces, in this case four. (In practical work it would be 
better to use more than four ). Parallel to the center line and from 
these four divisions draw lines as shown intersecting the back of the 
scoop at 1 . 2 and 8 . For the pattern draw any horizontal line in 
S. as upon which place the stretchout of the section of the 

handle as shown by 1" 2" d" d" 1" on the stretchout line. From 
these points at right angles to the line of the stretchout, draw 
lines as shown. Take the various distances measuring from the 
line nn in side view to points 1 , 2 and o , and place them on 
lines drawn from similar numbers in S, measuring from the line 
A line traced through these points of intersection will be 
the pattern for the handle, laps being indicated by dotted lines. 
To close the top of the handle a small raised metal button is 
usually employed, which is double-seamed to the handle. 

To draw the conical boss in 
side view, first locate the points / * 
and r, through which draw a line 
intersecting the center line of the 
handle at /’. At right angles to 
Ficr. 26. the center line, draw the line 

7 representing the top opening of the boss. In similar manner, at 
right angles to the center line, draw a line from e as shown by re, 
intersecting the center line at <j. Now make <ja equal to yr and 
draw a line from e to the center/', which will intersect the back of 
the scoop as shown and the top of the boss at j. AVitli <j as center 
and (ji( as radius describe the half section of the cone, divide this 
into equal spaces as shown by e/ev/r, from which draw lines at 
right angles to and intersecting the base of the cone ee as shown. 
From the intersections on the base line draw radial lines to the 
apex/ 7 , intersecting the back of the scoop as shown. From these 
intersections at right amdes to the center line, draw lines inter- 
meeting the side of the boss at e'////'. For the pattern proceed as 
shown in diagram e\ AVith radius equal to ft in the side view 
and/'' in tt\ as a center describe the arc e'e". Draw a line from 
e" to the center f\ and starting from e" set olf on the arc e'e" 
twlee the nuinbcr of spaces contained in the semi circle ere in side 
view, as shown by similar letters in diagram a\ From these points 
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draw radial lines to the center f\ Xow 11 si 11 <_»' f' in tr as a center 
describe the arc /V. In similar manner, using as radii pt\ fh\ f<\ 
pV and fe in side view, and p in m as center, describe arcs inter¬ 
secting radial lines having similar letters as shown. A line traced 
through points thus obtained forms the pattern for the conical boss. 



Drip Pan • Fig. 2b shows a view of a drip pan with beveled 
sides. The special feature of this pan is that the corners a and h 
are folded to give the required bevel and at the same time have the 
folded metal come directly under the wired edge of the pan. A 
pan folded in this way gives a water tight joint without any sol¬ 
dering. Fig. 37 shows the method of obtaining the pattern when 
the four sides of the pan have the same bevel. First draw the side 
elevation having a bevel indicated at ^31. Xow draw AB(T), a 
rectangle representing the bottom of the pan. Take the distance 
of the slant 1 3 in elevation and add it to each side of the rect¬ 

angular bottom as shown by 1', 1", 1"' and 1"". Through these 
points draw lines parallel to* the sides of the bottom as shown. 
Xow extend the lines of the bottom A Lb B(\ (T) and DA inter- 
seetii g the lines just drawn. Take the projection of the bevel 
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a to 1 in side elevation and plaee it on each corner of the pan, as, 
for example, from a' to 1'. Draw a line from 1' to B. By pro¬ 
ceed in o* in this manner for all the corners, we will have the butt 
miters, if the corners were to be soldered raw edge. Where the 
bevels are equal on all four sides, the angle 1 X B1' is bisected as 



follows: With B as center and any radius draw the arc ft' inter¬ 
secting the sides of the bottom as shown. Then with a radius 
greater than one half of ff\ with f and ^ respectively as centers, 
draw arcs which intersect each other at /. Draw a line through 
the intersection / and corner B, extending it outward toward /. 

Now with 1' as center, and radius less than one-half of 1'-l x , 
draw arc d-<\ intersecting the line 1' B at />, and intersecting the 
line 1V at <\ Then with b as center and hr as radius, intersect the 
arc nl at Draw a line from 1' to r, intersecting the line // at //. 
From n draw a line to l x . Transfer this cut to each of the corners, 
which will complete the pattern desired. Dotted lines indicate the 
wire allowance. 

Sometimes a drip pan is required whose ends have a different 
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flare fn,m t,H ^ <> f till* sides. and in one ease r oM ,. (] . 

to he bent toward the end whilo it i 11 IKIiSa,l ‘ 

m-n. I.e fu.,1 him,,,Is T „ ' t"" 1 "”"! . .. 

;•* 

application of these principles. 

a d '!'" ] the . MdtJ elevation. showing the desired Hare; also 

<li<m the end elevation, which shows the thuv of the si,I , I .■ 
careful that the vertical heights in hot], views are the J-,,,*.*" v'"" 
draw the bottom of the pan as follows: Take the1 "ill 
" £ elevation and place it on the ends of the hotton, as showmon 
etther side by 1 - T. Similarly take the distance H 4 in end elev 

h, -1-4 11,rouyh ,he ... ?•„,[ 4 . |in „ s .. (o (k _ 

enr,s ami sitles of the..ns shewn, whirl) intersect linesilv.. 

T Vi ''" S l '>-*I«'live]j.. /.,// represent the him 

titters "'hie 1, «llu„l.„„ „|, If ,|„.,e ih ,„ have 

heen correctly dere],, | i,,l. the length, fr„„, /, | 

Insect the angle b.Y ■»■«/as center.. ^ 

ate "/i, then use „ ,„„W, „s renters ,|,e inter.eetifn e 

‘ ' ^ "' hl * ,I 7 V "'*■ •/• x«w assnnie that the ..„| cor-' 

, IS >e ni, ‘ d t0 ' VanLs tl,e en<1 view as sliown hy t$ [W W cr 
c - a center draw the arc //. Then with / as center and /‘/ as 

" "'“T a, ‘ C 0 at ,w - Ur! *"’ a »!“*• .. h throne* 

meeting the Itne ,/ at /. and draw a line from / to // 

^ tilled corner were tnrned towards the side as shown by 

~T " SHle v r- l,,swt thean^rle cl', as before, and nse , as 1 

center ami proceed as already explained. Note the difference in 
wo comets. he only point to hear in mind is. that when the 
comer is to be folded towards the end. transfer the amde 
cml imter; while if the corner is to he tnrned towards"t,H sid 
cans er the angle of the side miter. If the corners were to I* 
folded toward the ends of the pan. the ent shown in the rhd.t-hand 

ZTt iT 1 T' r a " fOUr ” the corners wmv 

lolded towanls the sides, the ent shown on the left-hand coi¬ 
ner would lie used. 

tea Tea f} POt - " Bh ° Wn the w ell-k>iown form of the 

tea o, codec pot. for which a short method of developing the pat- 
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tern is shown in Fig. 80. This is one of the many eases where a 
short rule can he used to advantage over the geometrical method. 
While it is often advisable to use the true geometrical rule, the 
difference between that and the method here shown is hardly 
noticeable in practice. Of course, if the body A and spout B were 
larger than the ordinary tea pots in use, it would be necessary to 
use the true geometrical rule, which is thoroughly explained for 
Plates I, II and III. 


The pattern for the body of the 
tea pot will not be shown, only the short 
rule for obtaining the opening in the 
body to admit the joining of the spout. 
The method of obtaining the pattern for 
the body is similar to the flaring vessels 
shown in previous problems. 

First draw the elevation of the body 
of the tea pot as shown at A. Assume 
the point a on the body and draw the 
center line of the spout at its proper 
Establish the point 8 of the bottom of 
the spout against the body, also the point 8 X at the top and draw 
a line from 8 through 3 X intersecting the center line at 4. At 
rioht angles to the center line and from 8 draw the line 3-1 
and make d equal to c3. From 1 draw a line to the center point 
and from 8 X draw a horizontal line until it intersects the opposite 
side of the spout at 1". Then l'-l"-3 x -3 will be the side view of 
the spout. Now with c as a center draw the half section 1-2-3 
and divide it into equal spaces; in this case but two (in practical 
work more spaces should be employed). From these points and at 
right angles to 1- 3 draw lines intersecting the base of the 
spout as shown, and draw lines from these points to the 
center 4. Thus line 14 intersects the body at 1' and the top of the 
spout at 1"; line 24 intersects the body at it and the top of the spout 
as shown, while line 84 cuts at 3 and the top of spout at 8 X . 
From these intersections at right angles to the center line ttf> % draw 
lines intersecting the side of the spout at 3, 2,1 at the bottom 
and l x , 2 X , 3 X at the top. Now with 4 as center and 43 as radius, 
describe the arc 3*' —3" upon which place the stretchout of twice 



Fig. 29. 


angle as shown by 24. 
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the number of spaces contained in the half section l-‘2-3, as 
shown by similar lion res on 3" 3"; from these points draw radial 

lines to the center />, and intersect them l>v ares drawn with b as a 
center and radii etpial to the intersections contained on the side of 


F 



the spout B-3 X . To form the pattern, trace a line through points 
thus obtained and make the necessary allowance for edoes. 

It should be understood that in thus developing the spout, the 
fact that the spout intersects a round surface has not been considered; 
it was assumed to intersect a plane surface. As already stated the 
difference in the oattern is so slight that it will not be noticeable 

i r> 
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in practice. Had we developed the pattern according to the true* 
geometrical rule, it would present a problem of two cones of 
unequal diameter intersecting each other, at other than at right 
an tries to the axes. 

lor the pattern for the opening in the hotly, draw lines at 
right an tries to the center line of the body from intersections F, a 
and 3 intersecting the opposite side of the hotly as shown. With 
F as a center draw a partial pattern of the hotly as shown by </< , 
From any point/' draw a line to the center F. Now with Fas 
center draw the arcs 1, 2 and 3. The distance 1 to 3 on the line 
1/ represents the length of the opening, while a line drawn through 

<t at right an tries to the center line ha 
of the spoilt represents the width of 
the opening. Therefore take tin* dis¬ 
tance from a to 2 and place it as 
shown from a' on tin* line /'F to 
2-2 on either side on tin* arc. 
Trace an ellipse through 1-2-3 2 

for the shape of the opening. 

The pattern for the handle is ob¬ 
tained by taking the stretchout of /'//and placing it as shown on 
the vertical line //V. At right angles to //V on either side, at top 
and bottom add the desired width of tin* handle and draw the lines 
shown; add edges for wirino or hem edge. 

For the pattern for the grasp 1) which is placed inside on tin* 
handle proceed as is shown in Fig. 31. Let 1) represent an en¬ 
larged view of part of tin* handle in which tin* grasp is to he soldered. 
Directly in line with it draw the section E taking care that the 
width from 1 to 1 will not be wider than that portion of the handle 
from r to.sin Fig. 30, being the width at ( 1 in the elevation. Divide 
the section K in Fig. 31 into a number of equal spaces, from which 
draw vertical lines intersecting the curve 1) as shown. Draw the 
center line ah upon which lay oil the stretchout of E as shown by 
similar figures. Through these points draw lines which intersect 
with lines drawn from similar intersections in the curve D parallel 
to ah. Trace a line through tin* points thus obtained as shown at F. 

Foot Bath. In Fig. 32 is shown an oval foot bath; the princi¬ 
ples used in obtaining the pattern of which are applicable to any 




tixsmitiiix<; 


2 \) 


loi'in ol tiaring vessels ol w 1 1 it*] i the section is elliptical or struck from 
more than two centers. In this connection it may he well to ex¬ 
plain how to construct an ellipse, so that a set of centers can be 
obtained with which to strike the arcs desired. Fie. )}:} shows tin* 
method of drawing an approximate ellipse, if tin* dimensions are 
oiven. Let A I> represent tin* length ol tin* foot hath and (1) its 

width. On UA measure IUnequal to ( I). Xow div ide the dis¬ 
tance LA into three equal parts as 
shown by L and X Take two of 
these parts as a radius, or EX and 
with O as center, describe arcs in¬ 
tersecting the line HA at X and 
X 1 . Then with XX 1 as a radius 

bio-. ,32. 

and using X and X 1 as centers 
describe arcs intersecting each other at C and 1). Draw lines from 
(' to X and X 1 and extend them toward F and (t respectively. 
Similarly from D draw lines through X and X 1 , extending them 
towards I and II respectively. Now with X and X M as centers, and 
XA and XVH as radii describe arcs intersecting the lines ID, EC, 
DC and Ill) at J, K, L and AI, respectively. In similar manner 



A R B 



with D and C as centers and DC and CD as radii describe arcs 
which must meet the arcs already drawn at J, M, Land K, respect, 
ively, forming an approximate ellipse. In Fig. At let A IK’D repre¬ 
sent the side elevation of the pan, whose vertical height is equal 
to UC. 

In precisely the same manner as described in Fig. XI draw 
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the ]ilan as shown, in correct relation to the elevation, letting EFGII 
he the plan of the top of the pan, and J KLI the ])hm of the bottom, 
struck from the centers, 0,M,P and N. The next step is to obtain 
the radii with which to strike the pattern. Draw a horizontal line* 
EE in Eig. Ho equal in length to NE in plan in Eig 34. Take the 
vertical height ED in elevation, and place it as shown by IE 1 in 
Eig. Ho on a line drawn at right anodes to EE. Parallel to EE 
and from the point C, draw the line CJ equal to NJ in Eig. 84. 



Fig. 35. 


Now draw a line from EtoJ in Eim Ho, extending it until it meets 
the line EC produced. Then 04 and OE will be the radii with 
which to make the pattern for that part of the pan or foot bath 
shown in plan in Eig. 84 by EEKJ and GIJ1L. 

To obtain the radii with which to strike the smaller curves in 
plan, place distances PE and Plv on the lines EE and (\T in Eig. 
Ho as shown by EE and OK. Draw a line from E through Iv un¬ 
til it meets the line E<) at P. Then PK and PE will be the radii 
with which to strike the pattern, for that part shown in plan in 
Eig. H4 by KEGL and IllEJ. Now divide the curve hom G to II 
and II to E (Eig. 84) into a number of equal spaces. To describe 
the pattern draw any vertical line EH) 1 ( Eig. 8o) and with () l as 
center and radii equal to 04 and OE in the diagram V, describe 
the arcs PK 1 and E’E 1 as shown. On the arc E 1 E 1 lay off the stretch- 
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out of Gil in plan in Fig. 84 as shown by similar figures in Fig. 
8 b. From the point (> on the are K 1 F 1 draw a line to < ) l intersect¬ 
ing the curve J'K 1 . Now with FF in diagram Y as radius and F 1 
as a center describe an are intersection; the line F’O 1 at P 1 . Then 
using P 1 as a center and with radii equal to P’K 1 and P'F 1 describe 

the arcs K 1 L 1 and F'G 1 as 
shown. On the arc F'G 1 
' 1 starting from point (> lay 

| A otf the stretchout of UK, 

^] l 2 i 1 j a " | ; Fig. 84. From 11 draw a 

K -G- 4 ^-p—^ j line to P 1 intersecting the 

i;\ | ; j arc K'L 1 at Id. Then 

I i B V E’FTPLTvM 1 will lie the 

':V'"V/''7c r i 



Fig. 36. 

a half pattern, the allowance 

for wiring and seaming 
being shown hy the dotted 
lines. 

Should the article be 
desired in four sections, 
& two pieces of F^KdldG 1 

Y\ ( r 37 . would be. required. The 

pattern for the bottom of 
the pan is shown by the inner ellipse in big. 84 to which of course 
edoes must be allowed for double seaming. 

Wash Boiler. In Fig. 3(> is shown a perspective view of a 
wash boiler to which little attention need be given, except to the 
raised cover. First draw the plan of the cover F>, Fig. 37, which 
shows straight sides with semi-circular ends. In line with the plan 
draw the elevation A, giving the required rise as at C. Let 0 rep¬ 
resent the apex in elevation, and C 1 the apex in plan. As both 
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halves of the cover are symmetrical, the pattern will be developed 
for one half only. Divide the semi-circle l 3 1 into a number 

of equal spaces as shown by the small figures 1, 2. 8, 2 and 1. 
From these points draw radial lines to the apex C 1 , and through 
( 11 draw the perpendicular <(<t, C8" in elevation represents the 

true length of ( M 3 in plan, and to obtain the true length of 
C 1 2, ( M 1 and CD, it will be necessary to construct a diagram of 
triangles as follows: With C 1 as center, and (’D, ( M 1 and C l 8 
as radii, describe arcs intersecting the center line in plan at a\ 1 
and 2'. From these points at right angle to 3( 11 erect lines inter¬ 
secting the base line of the elevation at *t'\ 1", 2" 
and 8", from which draw' lines to the apex C, as 
shown. Now, with radii equal to ('8", C2", (T' 
and < D", and ( 12 as center describe arcs 3 X ,2 X 2 X , 
l x l x and From C“ erect the perpendicu¬ 

lar intersecting the arc 8 X at 3 X . Now set the 
dividers equal to the spaces 8 to 2 to 1 to a in 
plan, and starting from 3 X step off to similar 
numbered arcs, thus obtaining the intersections 
2 X 1 x <t x * from <t x draw lines to C“, and trace a line (/ X S X (/ X to get 
the lialf pattern for the cover. Allow edges for seaming. 

The body of the boiler requires no pattern, as that is simply 
the required height, by the stretchout of the outline shown in plan. 
The handles shown on the body and cover in Fig. 3b are plain 
strij >s of metal to which wired or hem edges have been allowed, 
Measure, fig. 3S shows a flaring-lipped measure with han¬ 
dle attached. Care should be taken in laying out the patterns for 
these measures, that when the measure is made up it will hold a 
given quantity. While there are various proportions used in 
making up the size of the measure, the following table gives good 
proportions: 



Quantity. 


Bottom Diameter Top Diameter 

in inches. in inches. 


liei.^ht. 


1 Gill. 

*2.00 

1.37 

3.10 

P> Pint. 

‘2.00 

1.75 

3/89 

1 Pint. 

3.27 

*2.18 

4.90 

1 Quart. 

4.12 

*2.75 

0.18 

QGallon. 

5.18 

3.45 

7.78 

1 Gallon. 

0.55 

4.35 

9.80 
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the half section of the bottom of the measure as shown at I); 
divide this semi-circle into equal parts as shown. Now, with a as 
a center, and trt and <n" as radii, describe the arcs as shown. 
From any point (as 1') draw a radial line to ✓/, and starting at 1' 
set oil the number of spaces contained in the half section I), as 
shown by the small figures V to 7'. From 7' draw a radial line 
to <t. Allow edges for wiring and seaming. E represents the half 
pattern for the body of the measure. We find that lip B is simply 
an intersected frustum of a right cone, which can be developed as 
shown in the pattern for conical boss of Fig. 25. 

There is, however, a shorter method which serves the purpose 
just as well; this is shown at F, Fig. 8b. First draw the half sec¬ 
tion of the bottom of the lip, which will also be the half section of 
the to]) of the measure, as shown by the figures l' r to 7". Now, 
with radii equal to b~ 1", or 4-7" and // in F as center, descri be 
the arc 7 X 7 X . From V drop a vertical line intersecting the arc at 
l x . Starting from the point l x , set off the spaces contained in the * 
half section 1"—4"— 7", as shown by the figures l x to 7 X . From V 
draw lines through the intersections 7 X 7 X , extending them as shown. 
Now take the distance from 1" to d of the front of the lip and 
place it as shown by l x ^/' in F. In similar manner take the dis¬ 
tance from 7" to c of the back of the lip and place it as shown in 
F from 7 X to d on both sides. Draw a line from c to d\ and bi¬ 
sect it to obtain the center <\ From e, at right angles to cd\ 
draw a line intersecting the line V d* at f. Then using/"as center, 
with radius equal to fd\ draw the arc c’d f c\ as shown. Adding 
laps for seaming and wiring will complete the pattern for the lips. 

The pattern for the handle and grasp C is obtained as shown 
in Figs. 30 and 31. 

Scale Scoop. Fig. 40 shows a scale scoop, wired along the 
top edges and soldered or seamed in the center. The pattern is 
made as shown in Fig. 41. First draw the elevation of the scoop 
as shown by AB(T). (In practice the half elevation, BDO, is all 
that is necessary.) At right angles to BI) and from the point (\ 
draw the indefinite straight line DE, on which a true section is to 
be drawn. Therefore, at right angles to CE, from points C and E, 
draw the lines (4 1 and EE 1 . From E 1 erect a perpendicular as 
E'(-, on which at a convenient point locate the center F; with 
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FE 1 as radius, describe the arc HE 1 !. Then HE l will be tin* true 
section on DE in elevation. Divide the section into a number of 
equal parts as shown by the figures 1 to 7; through these points, 
parallel to the line of the scale ED, draw lines intersecting ED and 

DD as shown At right angles 
to ED draw tlie stretchout line 
1 7 and place upon it the stretch¬ 

out of the section as shown by 
similar figures. At right angles 
to 1 - 7 draw lines which intersect 
lines drawn at right angles to ED, from intersections on ED 
and DD having similar numbers. Trace a line through these 
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Fig. 41. 

points and thus obtain the desired pattern. The dotted outline 
shows the lap and wire allowance. 



Fig. 40. 
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In Fig. 42 is shown a perspective view of a dust pan with a 
tapering handle passing through the hack of the pan and soldered 
to the bottom. The first step is to draw the plan and elevation 
which is shown in Fig. 48. Let ABC be the side view of the pan. 
Directly below it, in its proper position, draw the bottom DEF(f. 
From the paint C in elevation draw a line d'd indefinitely. Now 
bisect the angle EFG. Through r and F draw the line cd, in- 
tersecting the line dd* at d . From d draw a line to (I. 

r~> 

In the same manner obtain E<7T) on the opposite side, which 




will complete the plan view of the pan. Now locate the point It 
in side view, through which the center line of the handle shall pass, 
and draw the line in. Through //?, the end of the handle, draw 
the line no at right angles to ////, and assume o the half width at 
the top and j the point where the contour line of the handle shall 
meet the back of the pan, and draw a line from o through /, inter¬ 
secting the center line 1 ni at /. Make mn equal to mo and 
draw a line from n to 7, intersecting the back of the pan at 
Through It at right angles to the center line draw giving the 
diameter of the handle at that point to be used later. This com¬ 
pletes the elevation of the handle; the plan view is shown by dotted 
lines and similar letters, but is not required in developing the 
pattern. 

For the pattern of the pan proceed as is shown in Fig. 44, in 
which DEFG is a reproduction of similar letters of Fig. 48. Take 
the distance of BO in side view, Fig. 48, and place it as shown by 
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SIDE VIEW 




BF in Fig. 44 and through (’ draw a line ]*:ira 1 ltd to EF as shown. 
At rmht angles to and from FF draw Fc and F/\ then take tin* 

o r-> 

distance from r to - 

d in plan in Fig. 1 :] 
and plane it as 
shown from /* to <1 
on both sides in 
Fig. 44. Draw the 
lines </Y and </K. 

Now usin<_»' E as D 

n 

center, and radius 
equal to Ef/ des¬ 
cribe the are 
Then with td as 
radius and * as cen¬ 
ter, intersect the 
are #t at t/'. Draw 
a line from J to 
D. In similarnian- 
ner obtain rf \t on G 
the ojiposite side, 
which will com¬ 
plete the pattern 
for the pan. Allow 
laps for wiring and 
edging. 

O S' 

The opening 

in the back of the 

pan to allow the 

handle to pass 

through is obtain¬ 
ed 

ed by first drawing 
a center line ef) 
then take the dis¬ 
tances from j to // 

and // to «/* in Fig 
40 • i • Fig. 4i) - 

44, noting that j 

comes directly on the bend B, and place it in Fig. 44 on the line ef 



Fig. 43. 
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from j to h to placing / on the bend as shown. Now take the dis¬ 
tance fi oin h to t or // to j’ in side view in Fig. 43 and place it i4 
Fig. 44 from h to / on either side; on a line drawn through the 
points jon draw an ellipse shown. Fig. 45 shows the method 
of drawing the pattern for the tapering handle. From the figure 
we find that we have a frustum of a right cone. To illustrate each 
step the handle lias been slightly enlarged. n, / represents 

n ' in Fd. F)raw the half section in Fig-. 45 as shown. 


and divide it into equal parts; 
drop perpendiculars as shown to 
the line vm, and from tliese 
points draw lines to the apex 4, 
which is obtained by extending 
the lines nj and oj until they 



Fig. 46. 


meet at 4. Where the radial f 
lines intersect the line jj draw 
lines at right angles to the 
center line 3b, intersecting the 
side of the handle o 4 at 1', 2', 

3\ 4' and 5'. Now with b as a 


a 



* 


Fig. 47. 

center and bo as a radius, 


describe the are 1 1, upon which place twice the number of spaces 
contained in the half section a. From these points on 1 1 draw 
radial lines to b and cut them with arcs struck from b as center 


and radii equal to 41', 42', 43', 44' and 45'. Trace a line through 
points thus obtained to complete the pattern. 

Colander. Fig. 40 shows another well-known form of tin 


ware, known as a colander. The top and bottom are wired and 
the foot and body seamed together, the handles of tinned malleable 


iron being riveted to the body. In Fig. 47 is shown how to lay 
out the patterns. Draw the elevation of the body A and foot il 
and extend the sides of the body and foot until they meet respec- 
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tively at C and I) on the center line <th. Draw the half section on 
the line 17 and divide it into equal parts as shown. For the body 
use <J as a center and describe the arcs shown, laving oil the 
stretchout on the lower are, allowing edges in the usual manner. 
Then E w T ill he the half pattern for the body. In the usual man¬ 
ner obtain the pattern for the foot shown at F, tin* pattern being 
struck from D 1 as center, with radii obtained from tin* elevation 
1)1 and Dr. 

PLATES. 

In preparing the plates, the student should practice 1 on other 
paper, and then send finished drawings for examination. The 
plates of this instruction paper should be laid out in the same 
manner and of the same size as the plates in Mechanical Drawino- 
Parts I, II and III. 

PLATE 1. 

On tliis plate, the intersection between two right cones is 
shown. This problem arises in the manufacture of tinware in 
such instances as the intersections between the spout and body 
as in a teapot, watering pot, kerosene-oil can, dipper handle and 
body, and other articles. It is one of the most complicated prob¬ 
lems arising in tinsmith work. The problem should be drawn in 
the center of the sheet making the diameter of the base A 4 
inches and the height of the cone B 41 inches. The distance 
from X to Y should be 1 inch. From the point F measure down 
on the side of the cone a distance of inches and locate the 
point 0, from which draw the axis of the smaller cone at an angle 
of 45° to the axis of the larger cone. From (■ measure on (4. 
1| inches locating the point (>'; through this point, at right angles 
to the axis, draw ED equal to 11 inches. From the point Foil 
the base of the cone, measure up on the side of the cone a distance 
of 1 inch as indicated by o, and draw a line from n to E, extending 
it, until it intersects the axis LC at L. From L draw a line 
through D extending it until it intersects the larger cone at <t. 
Then D a o E will represent the outline of the frustum of the 
smaller cone in elevation. 

The next step is to obtain the line of intersection between 
the two cones, but before this can be accomplished, horizontal 
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sections must be made through various planes of the smaller cone 
enttino into the larger. As the intersection of each half of the 
smaller cone with the larger one is symetrieal, and as the small 
cone will not intersect the larger one to a depth greater than tin* 
point 1 in plan, divide only one-quarter of the plan into a number 
of equal spaees as shown by figures 1 to 4; from these points 
draw radial lines to the center F 1 as shown. Also from points 1, 
2, 3 and I- erect vertical lines intersecting the base of the coin 1 at 
F, 2', 3' and 4' respectively, from which points draw radial lines to 
the apex E. 

Now with (V on the line ED as a center describe the circle 
shown, which represents the true section on ED. Divide each 
semi-circle into the same number of divisions as shown by the 
small figures D, 5, fi, 7, and E on either side. From these points at 
rhdit angles to ED draw lines intersecting the center line ED at 5, 
0' and 77 From the apex L draw lines through the intersection 5', 0 
and 7', and extend them until they intersect the axis of the large cone 
at e and the base line at 1‘ and w. The student may naturally ask 
why the radial lines in the small cone are drawn to these points. 
As it is not known how far the smaller cone will intersect the larger 
one, we obtain such sections on the planes just drawn, as-we think 
will be required to determine the depth of the intersection. Thus 
the radial line drawn through 5' intersects the radial lines through 
4', 3', 2' and 1' in the larger cone, at />, e, <1 and e respectively. 
The radial line through (Y intersects radial lines in the larger cone 
at f, It, ! , j and the base line at while the radial line drawn 
through the point 7', intersects the radial lines of the larger cone 
at 1 and m and the base at /k AVe know that the line D a and Eo 
of the smaller cone intersect the larger cone at points n and o re¬ 
spectively, and determine the true points of intersection; these are 
shown in plan by a* and </, and therefore no horizontal sections 
are required on these two planes. For the horizontal section on 
the plane b c, drop vertical lines from the intersections />, r and d 
on the radial lines, intersecting radial lines having similar limn- 
hers in plan as shown by b\ c’ and d\ To ol)tain the point of in¬ 
tersection in plan of e in elevation, draw from the point c a hori¬ 
zontal line intersecting the side of the cone at e x , from which point 
drop a perpendicular line intersecting the center line in plan at e v . 
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Tlit'ii usiim l ; V v iis radius, describe ;m arc int<*rsc*ctin<** the radial 
line 1 at r' . Through tlie points <\ d\ <■' and // draw a curved 
line, whit'll is the half horizontal section of b t in elevation. In 
tlie same manner obtain the sections shown in plan by j\ //, }• 

and /*'; and /' m' and n\ which lmvn similar letters and ii mires in 
both plan and elevation. The next step is to obtain the intersec¬ 
tions where the radial lines of the smaller cone will intersect these 
sections in plan just obtained. To avoid a confusion of lines 
which would otherwise occur, a reproduction of the plan and ele¬ 
vation has been transferred to Plate II. 

PLATE II. 

The figures on this plate are similar to those on Plate I and 
have similar letters and figures; those letters and fie;urea beiim 
omitted which are not necessary. This plate should he studied 
carefully before proceeding. The reproducing from Plate I can 
be best done by using a needle point or the small needle which is 
usually found in the handle of the drawing pen, when unscrewing 
the pen from the handle, and pricking through Plate I, very small 
indistinct prick marks. Omit all that is omitted in Plate 11, 
where it will he noticed that the radial line in elevation, of the 
larger cone, and some of the various small letters in plan are not 
represented. 

To obtain the plan view of the smaller cone, proceed as fol¬ 
lows: Extend the line E 1 4 in plan as shown by E 1 E 1 . From the 
apex L of the smaller cone drop a vertical line intersecting E 1 at 
L 1 , which represents the apex of the smaller cone in plan. With 
L 1 as center and radius equal to the radius O' I) describe the circle 
E 1 D 1 and divide the circumference into the same number of spaces 
as ED, being careful to number the spaces as is there shown. The 
reason for doing this may be better understood from what follows: 
Assume that ED is a pivot on which the circle turns, so that it 
lies on a plane ED, then by looking down from the top, the points 
G and G appear as shown by (>' and G' in plan. 

A better illustration is obtained by cutting a card-board disc 
and after spacing it and numbering the points hold it in various 
positions until all the points become clear. Now from the inter¬ 
sections on EI) in elevation, drop lines, intersecting horizontal 
lines drawn from similar numbered points in the profile E 1 D 1 , 
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thus obtaining the ] joints of intersection I) v , 5 V , G v , 7 V and E v . 
Trace a curved line through these points, which will give the 
the top view of ED. As the radial lines drawn through the 
points 5b <>' and ?' on the line ED of the smaller cone in 
elevation intersect the section lines b <\ fk and 1» respec¬ 
tively, the radial lines in plan drawn through the apex L 1 and 
points 5 V , G v , and 7 V must intersect similar section lines in plan 

V v\ f k' and respectively, as shown by points 5 X , G x and 7 X . 
The jjoints </' and o' are obtained by dropping perpendiculars from 
the points a and o in elevation onto the line E 1 F 1 in plan. 
Through the points thus obtained, draw the curved line a\ 5 X , b x , 
7 X , o' which will represent the plan view of one-half of the inter¬ 
section between the two cones, the other half being similar. 

Now from the intersections 5 X , (> x and 7 X on the section lines 

V e\f k' and V n' res]actively, erect perpendicular lines inter¬ 
secting similar section lines in elevation b t\fk and l n as shown 
respectively by points 5°, (P and 7°. 

A curved line traced through ✓/, 5°, (>°, 7° and o will represent 
the line of intersection between the two cones in elevation. At 
right angles to the axis of the smaller cone and from the inter- 
sections <f % 5 , (P and 7 3 draw lines intersecting the side of the 
cone E o at D A 5 A G A and 7 A . For the pattern of the smaller 
cone proceed as is shown in the following plate: 

PLATE III. 

On this plate the two patterns should be placed in the center 
of the sheet. Take the radius of LD in Plate II and with L in 
Fig. 1 of Plate 111 as center describe the arc DD. From L drop 
a vertical line as shown by L E A . Fpon the arc DI) meas¬ 
uring from either side of the point E, lay off the stretchout of 
the semi-circle E, 7, G, 5, D in Plate II as shown by similar letters 
and figures on DD in Fig. 1 Plate III. From the apex L and 
through these points draw radial lines as shown and intersect them 
by arcs whose radii are equal to L D A ? L 5 A , L G A , L 7 A and L E A in 
Plate 11, as shown by similar letters and figures in Plate III. Trace 
a line through points thus obtained, and D, E, D, D A , E A , D A , I) 
will be the jjattern for the small cone. As the pattern for the 
larger cone is obtained in the usual manner, we will only show 
how to obtain the opening to be cut into one side of the larger 
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com* to admit tin* intersection of the smaller. We must now 
aoain refer to Plate II. From the intersections </, 8 , (> , 7 , and 
n in elevation draw lines at right anoles to the line of the axis, 
intersecting the side of the cone at 4 B , 5 B , <> B , 7 B and 4 B . 

Also in addition to the spaces 1, 2, 8 and 4 in the plan view, 
it will be necessary to obtain the points of intersection on the base 
line in plan, where the radial lines would intersect drawn from 
the apex F 1 through the points of intersections between the two 
cones. This is accomplished by drawing lines from F 1 through 
5 X , G x and 7 X until they intersect the base line in plan at 5, 0 and 
7. All these points form the basis with which to develop the 
pattern shown in Fig. 2 of Plate III, in which draw the vertical 
line F 4, and with F as a center and radii equal to FY, and 1 P 
in Plate II draw the arcs YY and PP in big. 2 of Plate III as 
shown. Now starting from the point 4 on the arc PP on either 
side, lay off the stretchout of 1, IS, 5, 7 and 4 in plan in Plate 
II as shown by similar numbers in Fig. 2 of Plate III. brom 
the points (>, 5, 7 and 4 on either side draw radial lines to the 
apex F, which will be used to obtain the pattern for the opening. 
Now with F as center and radii equal to b 4 B , b 5 B , b b B , b 7 B 
and F 4 B in Plate II, describe arcs intersecting radial lines having 
similar numbers in Fig. 2 of Plate III as shown by intersections 
having similar numbers. A line traced through, these points will 
be the required opening to be cut out of the pattern of tin 4 larger 
cone, one-half of which is shown by drawing radial lines from the 
points 1 and 1 to the apex b. 

PLATE IV. 

In drawing this plate, the same size paper and border lines 
should be used as for the preceding plates. The subject for this 
plate is an oil tank resting on inclined wooden racks. The prob¬ 
lem involves patterns in parallel and radial-line developments. 
The drawing can be made to any convenient scale until the prob¬ 
lems are understood and should be proven by paste-board models. 
It should be drawn to a convenient scale, placing the pattern to 
till the sheet and make a neat appearance. The section, stietch- 
ont lines, construction lines, and developments should be num¬ 
bered or lettered, so as to prove the thorough understanding of 
the problem, and then sent to the School for correction. The var- 
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ions parts in the elevation and patterns have similar letters. A 
represents the tank body, the pattern beino; shown by A 1 . B shows 
the bottom, the pattern beino shown by B 1 . The cone top V and 
inlet I) are shown developed by ( 4 and I) 1 respectively, while the 
outlet E and opening V in elevation are shown developed by Eh 
and F 1 in the bottom B 1 . 


EXAMINATION PLATES. 

Drawing Plates I to IV inclusive constitute the 
examination for this Instruction Paper. The student 
should draw these plates in ink and send them to the 
School for correction and criticism. The construction 
lines and points should be clearly shown. The date, 
student’s name and address, and plate number should 
be lettered on each plate in Gothic capitals. 
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